Introduction
ZnSe−based semiconductors are attractive materials for ap− plication in construction of variety of optoelectronic devi− ces, only a little is known about the optical response of this material at high irradiation intensity. For devices applica− tions, knowledge of the optical response over a wide energy range is of great importance [1] . Over the past few years, there has been increasing interest in the optical nonlinea− rities of ternary and quaternary ZnSe−based materials be− cause of their potential with regard to the application of non− linear optical devices to optical signal processing and opti− cal computing [2] . Nonlinear materials with large optical nonlinearities and fast response speeds are required for future photonics devices such as all−optical switches and modulators [3] .
Relatively wide band gap, extended long wave transmis− sion can make mixed ternary and quaternary ZnSe−based crystals useful for nonlinear applications. That is why the study of two−photon absorption (TPA) phenomenon, which may be a limiting factor of the performance of nonlinear optical devices, seems to be important from a practical point of view, apart from being of purely fundamental interest [4, 5] . Nonlinear absorption effect is of increasing interest from a technological perspective, e.g., multiphoton absorp− tion induced optical power limiting can be applied for opti− cal sensors protection [6] . The third order nonlinear optical susceptibility as well as nonlinear refractive index is also an important parameter for the design of devices utilizing opti− cal switching and bistability [7] .
In this work, we present the results on the nonlinear re− fractive index n 2 and the two−photon absorption b of mixed ternary and quaternary ZnSe−based crystals measured by de− generate four wave mixing (DFWM) and nonlinear trans− mission techniques using Nd:YAG laser operating at wave− length of 532 nm, respectively.
Experimental
Series of picosecond's degenerate four wave mixing (DFWM) and nonlinear transmission studies were performed on mixed ternary and quaternary ZnSe−based crystals at 532 nm using Nd:YAG laser (Quantel 60 Model YG472, 30−ps pulses dura− tion, 1−Hz repetition rate). We used the standard backward DFWM geometry described elsewhere [8] .
The DFWM signal shows fast third order nonlinearities. We attribute this signal to the combined effects of the real and imaginary parts of the third order nonlinear optical sus− ceptibility (c c c
). The imaginary part cor− responds to two−photon absorption (TPA), while the real part is due to the nonlinear refraction n 2 . From DFWM mea− surements, we obtain the absolute value of the third order susceptibility for Zn 1-x Mg x Se, Zn 1-x Be x Se, and Zn 1-x-y Mg x Be y Se crystals. This, combined with independent TPA mea− surements, allows us to extract the real part of the suscepti− bility, which corresponds to the nonlinear refraction [9] .
The nonlinear transmission was measured by monitor− ing the incident and the transmitted light using photodiodes. In the two−photon absorption experiments, the excitation wavelength was chosen in such a way that the correspond− ing two−photon energy was larger than the band−gap energy E g of the studied crystals. In the frequency region E g 2 < hv < E g , where E g is the band gap of the semiconductor and hn (hv = 2.33 eV) is the photon energy of the incident beam, the nonlinear transmission profile is determined by the two− −photon absorption (TPA) coefficient b. The relation be− tween the laser photon energy and energy band gap of the investigated crystals allows us to determine the TPA coeffi− cient b corresponding to the imaginary parts of the third or− der nonlinear optical susceptibility c < > 3 for the studied crystals [10] . Two−photon absorption is the third−order non− linear optical process; observation of this effect normally re− quires large optical electric fields associated with pulsed, high irradiance laser beams. The knowledge of the TPA spectrum of studied materials is important for development of all−optical switching elements, because TPA imposes a fundamental limitation on the performance of such de− vices.
ZnMgSe, ZnBeSe, and ZnMgBeSe crystals were grown from the melt by the modified high−pressure Bridgman me− thod under an argon overpressure of 11 MPa using ZnSe powder (6N Koch−light) mixed with proper amount of me− tallic powdered Be, Mg or Be and Mg (purity of 99.8%) as a starting material. The prepared mixture was melted in the graphite crucible, kept at high temperature (1850 K) for seve− ral hours and then the crucible was moved−out of the heating zone with the speed of 2.4 mm/hour. The crystals were cut into about 1.5−mm-thick plates and mechanically polished. The final thickness of the investigated samples was about 1 mm. (1) to the experimental data [11] . We assumed the Gaussian line shape of the laser beam I 1 and took into account Fresnel reflection, which reduced the intensity of the laser beam in the crystal [5] 
Results and discussions
where I 1 is the intensity of the incident beam, I T is the inten− sity of the transmitted beam, a is the linear absorption coef− ficient, L is the thickness of the crystal, b is the TPA coeffi− cient,
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2 is simply the reflectance and n is the refractive index of the crystal. The values of the TPA coefficient b extracted from the fitting theoretical formula, Eq. (1), to the experimental data (see Fig. 1 ) are presented in Table 1 . Therefore, the imagi− nary parts of the third order nonlinear optical susceptibility c 
where n is the refractive index and c I < > 3 is the imaginary part of the third order nonlinear optical susceptibility.
The examples of experimental and theoretical results of DFWM reflectivity R are presented in Fig. 2 . The solid lines in Fig. 2 show the best fit of Eq. (3) to the experimental data. The DFWM reflectivity R was calculated from the propaga− tion equation of the four beams in interaction taking into account linear and nonlinear absorption and the transforma− tion from the crystallographic coordinates to laboratory coordinates. The DFWM reflectivity R can be expressed as follows [8, 12] 
where q K In order to relate the third order nonlinear optical sus− ceptibility c < > 3 to the nonlinear refractive index n 2 , we note that [13] n n c R 2
where n is the usual linear or low−intensity refractive index, and n 2 is the optical constant that characterizes the strength of the optical nonlinearity and gives the rate at which the refractive index increases with increasing optical intensity. From the data presented in Table 1 , one can conclude that the two−photon absorption coefficient b for Zn 0.83 Be 0.04 Mg 0.13 Se is the highest value of the studied compounds. However, the highest value of the nonlinear refractive index n 2 was obtained for Zn 0.96 Be 0.04 Se.
We can also notice that the value of the nonlinear refrac− tive index n 2 for Zn 0.79 Be 0.21 Se is higher than that for Zn 0.80 Mg 0.20 Se. This behaviour can be understood if one takes into consideration that the free carrier concentration in Zn 1-x Be x Se samples is higher than that in Zn 1-x Mg x Se ones with the similar Be and Mg content. It is commonly known that when the electric conductivity increases, the values of nonlinear optical properties increase too [14] .
Comparing values of the linear absorption coefficient a and the nonlinear refractive index n 2 of Zn 0.79 Be 0.21 Se and Zn 0.80 Mg 0.20 Se, we can conclude that they exhibit a similar dependence on the crystal composition (see Table 1 We have also found that the value of the nonlinear re− fractive index n 2 decreases with increasing Mg or Be con− tent. Such behaviour is not surprising because the nonlinear optical properties depend on the energy band gap E g of the studied material. As a general rule, the processes of the non− linear refractive index n 2 scale with E g -4 [11, 15] . For this reason, when the energy band gap of the studied material in− creases, the value of nonlinear refractive index n 2 decreases.
Conclusions
In this paper we present a series of picosecond degenerate four wave mixing (DFWM) measurements performed in Zn 1-x Mg x Se, Zn 1-x Be x Se, and Zn 1-x-y Mg x Be y Se crystals. Combined DFWM measurements, with independent mea− surements of two−photon absorption (TPA) coefficient in studied materials, indicate that the measured susceptibility in the investigated crystals at 532 nm is dominated by non− linear refraction. We found that the highest value of nonlinear refractive index n 2 was obtained for Zn 0.79 Be 0.21 Se and the lowest one for Zn 0.80 Mg 0.20 Se with the similar Be and Mg content. However, the opposite behaviour was found in the case of the two−photon absorption coefficient b.
We have also found that the value of the nonlinear refractive index n 2 decreases with increasing Mg or Be con− tent. The origin of this behaviour comes from dependence of the third order nonlinear optical susceptibilities on the ener− gy band gap E g of the studied crystals. In the case of the two−photon absorption coefficient b we found the opposite behaviour.
We also found that the values of the nonlinear refractive index n 2 and the two−photon absorption coefficient b for Zn 0.83 Be 0.04 Mg 0.13 Se are about five times lower and three times higher than that for Zn 0.80 Mg 0.13 Se, respectively.
We can also notice that the highest value of the nonlin− ear refractive index n 2 was obtained for Zn 0.96 Be 0.04 Se.
To our knowledge, the DFWM measurements are made for the first time in this kind of materials. The dependence of optical nonlinearities on the energy band gap would allow predicting the specific material parameters that give rise to these high nonlinearities. This predictive capability is extre− mely important from the standpoint of searching for mate− rials with large nonlinearities.
